Paris polyphylla var. yunnanensis is known to be used as medicine for anti-cancer and traumatic injuries. The present investigation was carried out to estimate the mineral elements in P. polyphylla var. yunnanensis collected from different locations of South West China by atomic absorption spectroscopy. The contents of its mineral elements were found in the order of Ca > K > Mg > Fe > Na > Cu > Mn > Zn > Cr. The content levels of some elements, such as Cr, Cu, Ca and Mn in the samples were usually affected by environmental conditions, whereas the contents of Mg and K were rather stable in the same species or variety. The contents of the most determined elements in P. polyphylla var. yunnanensis is different from other medicinal species in genus Paris.
INTRODUCTION
Medicinal plants are widely used to treat many human diseases due to their mild features and low side effects (Başgel and Erdemoğlu, 2006; Nafiu et al., 2011) . These plants can synthesize variety of chemical substances which interact directly or indirectly with the body chemistry in human body. The mineral elements play a very important role in the formation of these active compounds (Kolasani et al., 2011) , and remain complexed with organic ligands and make them bioavailable to the body system (Choudhury and Garg, 2007) . The appropriate mineral element supplementation, such as Cu, Mn and Zn, can enhance the functions of immune system after a major trauma, thereby reducing the risk of death (Yuan et al., 2010) . Cu is an essential nutrient that plays a role in the production of hemoglobin, myelin, collagen and melanin (Cobanoglu et al., 2010) . Low levels of zinc can induce the pathogenesis of lung cancer (Cobanoglu et al., 2010) . Breast cancer patients had low Ca, Mg, Fe, Cu, Mn and Zn in their hair (Joo et al., 2009 ). However, essential metals can also produce toxic effects when the metal intake is in high concentrations for human health (Jabeen et al., 2010) . Determination of mineral elements in plants is also very important, because the quality of many foods and medicines depends on the content and type of minerals (Bahadur et al., 2011) .
Paris (Trilliaceae) is a genus of about 24 species distributed from Europe to Eastern Asia (Li, 1986; Li, 1998) . Most species are restricted to East Asia, with its diversity center in the Yunnan-Guizhou Plateau of China as the diversity centre of this genus. The rhizomes of Paris plants, such as Paris polyphylla var. yunnanensis and Paris polyphylla var. chinensis, are a well known Chinese traditional medicine popularly named "Chonglou" which is widely used to treat cancer, traumatic injuries, snake bite, abscess and parotitis (Tang, 2003; Huang et al., 2005; Wang and Liu, 2010; Yang et al., 2011) . It is also the key raw material of many Chinese patent drug or prepared Chinese medicines such as "Yunnan Baiyao" (Ye et al., 2011) .
Previous studies have determined some elements in a few species or mixed-species of medicinal Paris samples (Wu et al., 2007; Li et al., 2009 ). Earlier, we reported the determination of 8 elements in P. polyphylla var. yunnanensis from Northwest Yunnan . Recently, Wang and Liu (2010) provided an insight into the patterns of 14 elements in P. polyphylla samples from market. The above earlier discussed researches showed that some mineral element contents are significantly different between P. polyphylla var. yunnanensis and P. polyphylla. However, the samples tested were rather limited in consideration of a great diversity of their living environments and their wide distribution.
In this study, we have assessed the content of mineral elements (Ca, Cr, Cu, Fe, K, Mg, Mn, Na, and Zn) in P. polyphylla var. yunnanensis from Yunnan, Guihou, and Guangxi of China.
MATERIALS AND METHODS
P. polyphylla var. yunnanensis rhizome samples were collected from 30 different locations ranging from N21°57′ to 27°44′ and from E98°40′ to 106°25′ in South West China (Table 1 ). The reference substances (standard solutions of metal elements 1000 µg/ml) were provided by the National Research Center for Certified Reference Materials (NRCCRMS). The analytical reagents (nitric acid and muriatic acid) were from Beijing Beihua Fine Chemical Co., Ltd. The water was deionized water (18.25 MΩcm).
The samples were dried at 60°C until constant weight. 0.5000 g of powdered samples were weighed accurately and put in the silica crucibles (25 ml) and added into the moderate concentrated HNO3 at room temperature for one night, and then heated until the reddish brown fumes disappear, volatilizing to dryness (Yuan, 2011) . The mixture was heated again at 550°C for 4 h, and then was dissolved in 1.00 mol/L HCl up to 25.00 ml (Yuan, 2011) . A blank control group was carried out in the same way. The samples from the same site were determined for five parallel processings.
All mineral elements were determined by a Solaar AA Series atomic absorption spectrometer (Thermo Elemental, USA). Detection limit values (µg/g), operating condition and standard curve of determined elements are shown in Table 2 .
RESULTS AND DISCUSSION
The repeatability (n = 20) for all determined elements, in terms of relative standard deviation (RSD) was below 5%. The GBW10014 cabbage standard reference material (National Analysis Center, Beijing, China) was used for quality control and method validation. As shown in Table 3 , the obtained results were in good agreement with certified values. The contents of trace elements, such as Ca, Cr, Cu, Fe, K, Mg, Mn, Na and Zn in different rhizome samples of P. polyphylla var. yunnanensis are given in Table 4 . Among these elements, Cr had the highest coefficient of variation (CV) which was 93.73% followed by Cu (84.64%), Ca (66.23%), Mn (59.62%), Fe (45.43%), Zn (43.11%), Na (30.37%) and Mg (16.38%) while K was found to have the lowest CV (8.01%). It implied that the determined elements with higher CV values were strongly affected by the environment (soil and climate). However, the elements with lower CV values were affected by internal factors of the plants.
Ranges and means ± SD of contents, for all the elements in P. polyphylla var. yunnanensis samples, along with a comparison with the literature reports (Wu, 2007; Li et al., 2009; Wang and Liu, 2010) on those of some other Paris plants, are listed in Table 5 . Among the determined mineral elements, Ca had the highest content (2624.32 µg/g) followed by K (2051.17 µg/g), Mg (1470.06 µg/g), Fe (246.96 µg/g), Na (142.81 µg/g), Cu (67.08 µg/g), Mn (18.52 µg/g) and Zn (19.87 µg/g), while Cr (9.01 µg/g) was found to have the lowest content. The comparison of our data with those reported in the literature shows that the contents of Cr and Cu content are much higher than those reported on P. polyphylla by Wang and Liu (2010) and those reported on multi-species samples (Wu, 2007; Li et al., 2009) , and K and Mg contents are much higher than those reported on multispecies samples . Ca content was comparable to those reported by Wang and Liu (2010) and Li, et al. (2009) , Fe and Mn were comparable with those reported (Li et al., 2009) , while Na and Zn were similar to those reported (Li et al., 2009 ).
Conclusion
The contents of mineral elements were found in the order of Ca > K > Mg > Fe > Na > Cu > Mn > Zn > Cr. The contents of Mg and K in P. polyphylla var. yunnanensis were quite regulated and they showed little variation over a wide range of the original environment (Table 1) . This might have a correlation with the physiological responses of this species. Our results suggested that P. polyphylla Table 5 . Contents of minerals in P. polyphylla var. yunnanensis samples (µg/g, n = 30) and comparison with the literature data.
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